by Ceci (7) in 1881, and by Klebs (16) in 1887, and that of Watson Cheyne (8) in 1883, in which bacilli were found, probably come within the scope of this article, the descriptions of the microscopical lesions and of the bacteria found are too scanty to warrant their consideration here.
In 1887 Bordoni-Uffreduzzi (6) described three cases of a peculiar septicmmia, fatal in from two to four days, with hmmorrhage into and congestion of the internal organs. In each instance he found the same micro-organism, a pleomorphic capsulated bacillus pathogenic for dogs, mice, rabbits and guinea-pigs. He called it Proteus hominis capsulatus.
It differs in many ways from the Proteus group of ttauser. This organism was about the size of the anthrax bacillus, capsulated, and stained by Gram. It was found in numbers in the larger blood-vessels and among the tissue elements, but not in the capillaries.
It is thought best to exclude from our list the case described by Fo£ and Bonome (11) , who report finding a bacillus identical with Proteus vulgaris (Hauser) in the blood and in the organs of a man dead of ileus with extensive h~emorrhagic infiltration of the small intestine and the corresponding mesentery and with thrombosis of the mesenteric ~Tein. It is not at all clear that the "hmmorrhagic infiltration" was other than hmmorrhagic infarction of the intestine.
Banff (5) in a case of acute hmmorrhagic infection found in pure culture a bacillus which he calls Proteus capsulatus septicus, and which he thinks may be identical with Proteus hominis capsulatus of Bordoni-Uffreduzzi. Banff's bacillus appears to be more like the bacillus of Friedl~nder than was the organism of ]3ordoni-Uffreduzzi. The latter is regarded by Fo~ as Proteus vulgaris (Hauser) and not as a new bacillus. ]3ab6s (1) in 1889 described three instances of death in children from h~emorrhagic septic~emia, with stomatitis, angina, bronchitis, anaemia and fex~er, in the organs of whom he found a short, non-motile, capsulated bacillus, which stained poorly with the aniline dyes and by Gram, did not form spores, was faeultatively anaerobic, and grew feebly on gelatine, which was not liquefied. On agar there were small transparent drops which later turned to a whitish yellow color, and were without sharply defi~ed marg,'ins. On potato, whitish drop-like colonies formed. Boni]lon was made cloudy. ~Iice inoculated with this bacillus died with h~emorrhagic septlcmmia; rabbits, killed by it, showed hcemorrhage into all the organs. Sterilized cultures caused multiple h~emorrhages when injected into animals. For guinea-pigs and dogs it was but feebly pathogenic.
Tizzoni and Giovannini (22) in 1889 reported three cases of h~emor-rhagic infection in which they found a capsulated bacillus. They were in children with impetigo contagiosa and two of them were rapidly fatal. One child came to autopsy and showed cedema and hmmorrhages into the skin, hmmorrhages in the serous membranes, lymphatic glands and various internal organs. In the kidneys and liver there were areas of marked tissue degeneration and leucocytic infiltration. The bacillus found was pleomorphic, capsulated, often with rounded ends, stained by Gram and was pathogenic for dogs, rabbits and guinea-pigs, but not for white mice or for pigeons, even in large doses. In the cutaneous lesions and in some of the organs Staphylococcus pyogenes aureus was also present.
In 1891 Kolb (17) reported five cases of idiopathic purpura h~emor-rhagica, three of which died in from two to four days. Cultures made from blood obtained from a vein during life remained sterile. Cultures from the various organs of the fatal cases gave always the same bacillus in pure culture. This bacillus was demonstrated in sections stained by the Kiihne and the Gram-Weigert methods, being especially abundant in the spleen; it was sometimes found in the blood and lymph vessels, sometimes in the interstitial tissue of the hmmorrhagic areas and in the lymph spaces. It had usually rounded ends and was surrounded by a thin capsule, especially in the animal body. It was partly decolorized with Gram's method. The bacillus was very pathogenic for field mice, for white mice and for rabbits; less so for dogs. Guinea-pigs were affected only by large doses, while pigeons showed only local necrosis at the seat of inoculation. Emmorrhages were found in the animals after inoculation with dead and filtered, as well as with living, cultures.
In 1891 Bab~s and Oprescu (4) described a fatal case of hmmorrhagic septic~emia simulating typhus fever. From the organs and urine they obtained a capsulated bacillus in pure culture. The patient, a male, aged 22, had had marked h~emorrhages into the skin. At the autopsy the tissues of the neck and of the mediastinum were cedematous, and there were h~emorrhages into the skin and serous membranes. Tissue degenerations were found in the liver, spleen and kidneys.
The bacilli, which were found in all the organs, varied much in size; they were often in pairs, were surrounded by capsules and stained poorly by Gram. The organism was pathogenic for rabbits, guinea-pigs, mice and pigeons, the animals dying" with hmmorrhagic septicmmia.
In 1893 Bab~s (4A) reported several eases of hmmorrbagic infection, associated especially with h~emorrhagie bronchitis, and referred by him to various micro-organisms, both cocci and bacilli.
Von Dungern (10) in 1893 reported a fatal case of h~emorrhagic sep.-ticmmia in a child, two weeks old, in whose organs was found a capsulated bacillus. There was no history of syphilis or hmmophilia. Thirteen days after birth the child was taken ill with hmmorrhage from the right ear, nose and month. Later there appeared peteehi~e over the whole body. The autopsy showed h~emorrhages in various organs, in the snbcutaneous tissue of the thighs, in the abdominal cavity, and in the mnbilieus. Cultures from the thrombosed umbilical artery showed a short, plump bacillus, 1 to 2 /~ long and half as broad, surrounded by a capsule. This bacillus was very pathogenic for white mice, g~dnea-pigs and rabbits, causing a fatal h~emorrhagie septiemmia with a fibrino-purulent exudation into the serous cavities.
To the foregoing cases I wish to add two others which came under my observation at St. Joseph's Hospital, Baltimore.
In gun% 1892, five persons who had been working as berry-pickers, near Annapolis~ ~[aryland, were taken ill and came to Baltimore for treatment. One died several days later under the car~ of a physician jwho gave a death certificate for " malaria." Two others came to St. Joseph's tIospital; the remaining two could not be traced. The two patients admitted to my service at the hospital were suspected of haying typhus fev.er. One died a few hours after admission; the other <Lied at the Quarantine Station some ten days later.
CAs~ I. John Y., married, aged 51, a Pole, was admitted to St. Joseph's Hospital at 3 p. m., June 13, 1892, complaining of fever and weakness.
FamiZy history. Father and mother dead, cause unknown. One brother and sister living, none dead. One son and three daughters living and well. Knows nothing of his grandparents. His wife was taken with the same symptoms the day before he was affected.
Perso~aT, history.--~ealthy as a child. Eleven years ago had typhoid fever. No other illness.
Presa~.t i~lness.--Seven days ago, while picking strawberries in the lint sun (the weather was excessively hot at that time) his head became ~ery hot and painful, and shortly afterward he was seized with pain in the epigastrium. These symptoms came on suddenly, the patient ha5 ~-ing felt perfectly well before their appearance. No history of a chill was obtained, but the patient felt hot and feverish from this time on. On the next day, June 8, his nose bled four times. No further history .eonld be got from the patient, except that his wife and three of his :fellow-workers were similarly affected.
On entrance into the hospital, the axillary temperature was 102.4 ° Iv.; pulse 90, regular, of fair volume, and not dierotie; respirations 30. He was seen by me two hours after his entrance, when the following note was made: Large, well-built, muscular man; skin dusky, warm and dry; face heavy, apathetic; he answers questions slowly but intelligently. Pupils of normal size and react to light; eonjunctiva~ slightly suffused. Tongue covered on the dorsum with thin white fur, the margins bright red, the papillae swollen. No (edema. Surface of the skin covered with a purplish maeular eruption, which on the anterior surface of the chest resembles very light-colored freckles. On the back they are very numerous and red in color. On both arms, the buttocks, thighs and legs, always best marked on the extensor surfaces, is a diffusely spread, dark red, slightly papular eruption, which fades on pressure and slowly returns on its removal. It is somewhat confluent in places, but is never ereseentieally arranged. The individual papilke have no definite shape. On the legs, over the tibiae and ankles, are numerous purplish petechi~e, resembling spots of purpura h~emorrhagiea. Examination of lungs negative. Cardiac dulness slightly increased; heart sounds normal. The quarantine officials informed me that the fever and cutaneous h~emorrhages persisted, and that death occurred ten days after his removal from the hospital. The report of the coroner's physician, Dr. Kettle, who made the autopsy, states that there were h~emorrhages into the skin and serous membranes, with marked congestion of the lungs, liver, spleen, heart, kidneys, brain and cord, and acute parenchymatous degeneration of the heart, liver and kidneys. No cultures were made.
C.~sn II. Julia Y., a Russian Pole, 45 years old, was admitted to St. Joseph's Hospital with her husband (Case I) June 13, 1892, complaining of fever' and epigastric pain. ]?amily history negative; personal history good.
On June 7, while picking strawberries in the hot sun, she was suddenly seized with great pain in the head, epigastrium and chest. She felt very hot all over, but especially in the head. The same day she broke out with a slightly papular eruption which was spread diffusely over the body. , No history of a chill was obtained. She was seen by me two hours after her entrance, when the following note was made: Well-built woman, of medium height. Conjunctivae of both eyes, especially of the lower lids, injected. Both cornem slightly clouded, pupils moderately dilated. , Skin of the nose and face somewhat swollen, but not cedematous. Tongue swollen and painful to the touch, its dorsum covered with yellowish white fur, the papillm prominent, edges red. Small whitish ulcers on the inner side of each lip. Patient lies on the back, is dull and apathetic, answers questions with ditficulty. Temperature on admission 101.4 ° F.; pulse 126, slightly irregular, weak, low tens~on, not dicrotic. Respirations 45, shallow, costo-abdominal. No enlargement of lymphatic glands. Skin warm, moderately dry; its surface covered everywhere with thick and diffusely spread papular eruptions. In some places, as on the anterior surface of the chest, the papules are small, dark red, irregularly shaped, about the size of a pin's head, not fading on pressure. In some places there are true petechi~e; in others, particularly on abdomen, surface covered with macular eruption, appearing as a fine dark mottling distributed in irregular streaks. Papular eruption predominates over back, anterior surface of thighs and buttocks. On arms and forearms, best marked over deltoid regions and posterior surface of elbow joint, is a diffuse, red, thickly scattered, small papular eruption, very irregular in shape, and in places somewhat concentrically arranged, very slightly modified by pressure Skin of thighs, legs, and anterior surfaces of ankles and feet presents a widespread peteehial eruption. On chest numerous small sudaminal vesicles. Skin over lower extremities covered with sweat. Examination of heart and lungs negative. Liver dulness begins at lower border of 6th rib in mammary line, and extends 3 cm. below costal margin. Edge of liver pal~ pable, round and smooth. Splenic dulness noticeably increased; edge of spleen not easily palpable below costal margin. Much tenderness over abdomen, which is everywhere resonant; no special tenderness or gurgling in right iliac fossa.
June 14, 10 a.m. Patient decidedly worse this morning; pulse 108, weak, of poor volume, irregular and dicrotie; temperature 100.4 ° F., respirations 30. Patient was restless and delirious throughout night, and was kept in bed with difficulty. Bowels constipated. Urine scanty; specimen drawn with catheter is pale yellow, acid, specific gravity 1023, free from albumin, sugar, and casts. No characteristic diazo-reaction; no h~ematuria or h~emoglobinuria. Death occurred at 4.15 p. m., pre-ceded by great rise Of temperature (109.6 ° F. at t p. m.), rapid, weak, dicrotic pulse and persistence of the eruption.
AuToPsY (5 hours after death). Anatomical diagnosis: H~emorrhagio septicaemia; acute splenic tumor; fluid blood in the heart and all the blood-vessels. Acute congestion of the lungs, liver, spleen, kidneys, pancreas, stomach and intestine. Cloudy swelling of liver and kidneys. Fatty degeneration of heart, liver and kidneys.
Rigor morris present. On skin of abdomen there is a fine macular eruption of a mulberry hue. Here and there are scattered petechi~e and several "taches bleu~tres." On posterior and inner surfaces of arms and lower extremities and on back purplish-blue post-mortem discoloration. On anterior surface of upper and lower extremities numerous large and small petechiae, which do not disappear on pressure. Superficial lymphatic glands not swollen. Muscles dark red.
Brain.--Dark fluid blood, without clots, in sinuses, tiyperaemia and ~edema of brain and meninges. Abdomen: lVIoderate hyper~emia of peritoneum. A few scattered subperitoneal ecchymoses. Intestinal surface (lark red, mesenteric glands swollen and dark red. Thorax: Marked hyperaemia and numerous small subpleural ecchymoses, especially over lower lobes. Lungs very hyperaemic and cedematous. 1Kuco-pus in bronchi. Clear serum in pericardial cavity. Small ecchymoses beneath epicardium. Dark fluid blood in all cardiac cavities. Myocardium flabby and pale. Valves normal. Arteries normal, contain dark, fluid blood. Liver: Much swollen, very hyperaemic, of mottled dark red and opaque grayish color, and soft consistence, without visible focal necroses. It presents small scattered haemorrhages. Gall bladder contains thick, dark greenish bile. Spleen: Swollen, very soft, almost diffluent, and dark red. Trabecul~e and Malpighian bodies invisible. Kidneys: Very much swollen, especially the cortex, of a dark red color, and softened in consistence. Cortical striae obscure, opaque; Malpighian tufts dark red and prominent; pyramids very hyperaemic. Capsule not adherent. Pancreas and adrenals: Show no especial change, except congestion. Stomach and intestine: Deeply injected along their mesenteric border. Gastric and intestinal mucosae bright red, deeply congested. Peyer's patches in upper portion of ileum swollen and, with the solitary follicles, red. Yeyer's patches just above the ileo-caecal valve somewhat swollen and present a shaven-beard appearance. No ulceration. Ulerus of normal size, with soft, red and congested mucosa. Ovaries and Fallopian tubes normal. Bladder: Contains blood-stained urine and its mucosa is red and injected. Thyroid: Twice the normal size, being symmetrically swollen, is dark red and very much congested. Its consistence is soft.
MICROSCOPICAL Ex~MIZ~T~'luox.--Fresh frozen sections and sections of tissues hardened in Flcmming's solution, in alcohol, and in Miiller's fluid were studied. Sections of hardened tissues were stained by safranin, ha~matoxylin and eosin, lithium carmin, Weigert's fibrin stain, and methylene-blue and eosin.
Liver.--There was widespread fatty degeneration of the hepatic cells, as well as of the endothelial cells of the intralobular capillaries and of some of the large veins. The liver cells were swollen and granular; many contained milch yellow pigment. The capillaries were everywhere dilated, being filled with red corpuscles, among which were many large mononuclear and polymorphonuclear leucocytes. The central veins of the lobules and the neighboring capillaries were widely dilated, the liver cells about them being flattened by pressure. The capillary endothelium was swollen. All the branches of the portal and hepatic ~'eins were dilated. In some of the larger veins were seen many long cells with elongated nuclei. The hepatic veins contained liver cells, singly and in clnmps of two, three or even more. There were a few small intralobular areas of infiltration with lymphoid cells, some short fusiform cells, and some polymorphonuclear leucocytes. There was some increase of tile interlobular connective tissue. Larger and smaller areas of h~emorrhage were present within the lobnles. In some places only a few red corpuscles were seen among the liver cells, while in others the h~emorrhages occupied as much as the third of a lobule. Both in the veins and in the capillaries were to be seen short and long bacilli, occurring both singly and in small groups. I-tere and there they occurred also free in the tissue, being numerous in the areas of h~emorrhage and of round-cell infiltration. No capsules were definitely detected, and the bacilli were never observed within cells.
The heart showed fatty degeneration of the muscular fibres, with grea~ dilatation of the capillaries and small veins, in both of which bacilli could be seen.
Sections made from several portions of each lung showed engorgement of all the blood-vessels with blood. In the lower lobes there was marked cedeiua, with great dilatation of the capillaries and veins. There was no inflammatory exudation in the air vesicles. In some of the small arteries and dilated capillaries liver cells were seen. Bacilli were found in fhe blood-vessels but not in the tissues.
The vessels of the splee~ were enormously dilated and there were nnmerons large and small h~emorrhages in the splenic pulp. Within the blood-vessels and in the ha?morrhagie areas bacilli in large and small clumps or masses were seen. They never completely plugged the capillaries. In the veins and occasionally in the capillaries liver cells singly and in short rows were found; these nowhere, however, seemed to fill the lumina of the vessels. Lying free in the tissue spaces and often inside of cells, both polymorphonuelear leucocytes and lymphoeytes, were larger and smaller yellow pigment masses, which appeared not only as fine granules, but also in large irregular masses. This pigment stained deeply with eosin and with pieric acid. There was no special hyperplasia of the splenic tissue, but the polymorphonuelear leucocytes were increased in number, both in the blood-vessels and in the tissues. There were definite areas of tissue necrosis. The red corpuscles both in the vessels and in the areas of hmmorrhage were pale and stained poorly.
Kidneys.--Fresh frozen sections of the kidneys showed cloudy swelling and fatty degeneration of the epithelial cells of the convoluted tubules and of the glomerular epithelium. In sections hardened in Flemming's solution fat drops were noted in the endothelial cells of the glomerular capillaries. The blood-vessels, both large and small, in all parts of the organs were greatly distended with blood. There was a notable increase of the large mononuelear as well as of the polymorphonuclear leucocytes. In many of the veins liver cells were present without occluding completely the .lumen. The glomerular capillaries were widely dilated and contained an increased number of cells. The glomeruli were swollen and completely filled their capsules. The epithelial cells of the convoluted tubules were swollen, very granular and often devoid of nuclei; some were desquamated. There was no h~emor-rhage into the glomerular capsules or into the tubules. There were a few small areas of round-celled infiltration with atrophy of the renal tissue, and a slight amount of arterio-sclerosis of the smaller vessels. Except in the large blood-vessels, few bacilli were to be found in the sections of the kidney. None were seen free in the tissues.
In the stomach and intesline there was marked dilatation of the vessels, especially of the serous, mucous and submucous coats. In the ileum there was hyperplasia of Peyer's patches and of the diffusely spread lymphoid tissue. The mesenteric lymphatic glands showed congestion and histological changes similar to those in the spleen.
The thyroid gland showed marked hypertrophy, the veins and capillaries being very much dilated. Bacilli were found in the vessels.
]~ACTE:RIOLOGICAL ~XA3III~ATION.--The bacterial !forms found were the same in all the organs, and were most numerous in the blood-vessels, especially the veins. Only in the liver were bacilli found outside the vessels. They were demonstrated best in sections stained first with lithium carmin and then with Weigert's fibrin stain. They varied much in size and in shape. Rod-slmped forms were the most common but occasionally forms suggesting large cocci and diplococci were found. Many short and long, oval forms were seen. Some of the rods were short and stout with rounded ends; others longer (1 to 2 ll), while some were long filaments (3 to 5 [~). Sometimes two or more rods were seen end-to-end, while others did not stain throughout but presented a beaded appearance. Capsulated forms were occasionally seen.
At the time of the autopsy coverslip preparations were made, as well as cultures in Esmarch roll-tubes in agar-agar, from the blood of the heart, from the lungs, liver, kidneys, spleen, a mesenterie lymph gland and the brain.
The examination of coverslips from several of these (heart's blood, liver and spleen) showed bacilli and oval forms, usually surrounded by a capsule, similar to those described in the hardened sections. All the cultures from the blood and various organs, after incubation for 18 hours, showed a luxuriant growth of colonies which had the same appearance in all the tubes. The same organism was found in pure culture in all the tubes.
Agar, plain or with glycerine or glucose. In cultures made in Esmarch tubes or in Petri dishes, after 18 to 24 hours in the incubator at 37 ° C., small, deep and larger superficial colonies appear. The larger colonies are from 1 to 2 or 3 ram. in diameter, raised above the surface of the medium, usually round in outline, and tending to pile up in the centre. They are thick, opaque, have a grayish white appearance, and tend to spread. Magnified 50 diameters the colonies are dark brownish yellow in the centre, and of a homogeneous appearance. The edges are lighter brown and somewhat irregular in outline. The deeper colonies are grayish white, opaque, and usually small. Those that reach the surface tend to pile up without spreading. Microscopically they are round, with clear-cut borders, dark brown in color and finely granular. After a few days these colonies, under the microscope by transmitted light, are darker, ahnost blaek in color, homogeneous, and somewhat oblong in shape. Streak cultures upon slants of plain agar show in ~4 hours in the incubator and 48 hours at room temperature an abundant, luxnriant raised growth along the line of the needle. This growth is creamy white, polished, porcelain-like, standing well up above the surface of the medium, and usually with serrated edges. In a few days the growth spreads over the surface of the medium. The growth on glycerine agar and glucose agar has the same characters, but is more luxuriant. Stab cultures in plain nutrient agar show after 18 to 24 hours in the incubator a feeble, white growth along the line of ~tab. Similar cultures in glycerine agar and glucose agar grow luxuriantly with the production in the latter of a large amount of gas. in .old agar cultures the medium becomes brownish and there is an odor like that of stale glue. The growth is always viscid and sticky; gas ~nbbles are frequently seen in the water of condensation from glucose ~agar.
Blood serum.--The colonies on solidified blood serum are quite similar .-to those on agar. The growth is rapid and luxuriant, viscid and xnucoid, pale, grayish-white, porcelain-like, raised, and tending to ~pread from the line of the inoculation. In a few days it covers nearly -~he whole of th~ surface. The wate~ of condensation is diffusely clouded; ~he medium is not liquefied.
Gdatine.--At room temperature after 36 hours in plate or roll cul~ures there appear small, round, opaque, creamy white colonies 0.5 ram. in diameter. The centre of the colony is thicker and more elevated. ~¢Iagnified 50 times, the colonies are of a yellowish color by transmitted light. Some of them tend to spread, but the majority have regular .outlines. In some of the larger colonies the centre is umbilicated, while the peripheral portion is raised and arranged in concentric layers. The deep colonies are round with clear-cut margins, and of a dark brown almost black color when examined under the lower powers. The larger .colonies when magnified 50 diameters are dark brown in the centre, ~fading to a dark brownish yellow homogeneous appearance at the periphery. The edges are light brown in color and rather irregular. Gela=fine slant cultures after 24 hours at room temperature show a raised growth similar to that seen on agar and on blood serum, but less luxuriant. In gelatine stab cultures, along the line of the stab after 24 hours there appear small scattered grayish white colomes. At the surface of ~he culture is a small, raised, opaque, grayish white, round or oval growth, which after a few days tends to spread out over the surrounding ~urface. No well-marked, nail-shaped growth developed. Gelatine is ~aot liquefied. In old cultures the medium sometimes becomes brownish. 43as production does not occur in plain nutrient gelatine.
Potato.--The bacillus grows luxuriantly upon potato both at room and body temperatures. In test-tnbe potato cultures the upper third • of the growth does not usually spread from the line of inoculation, and is generally grayish white, sometimes dark brownish gray, dry and finely ~granular. The lower two-thirds of the culture nearly always spreads, ~so that here the whole surface and often the sides of the medium are covered with a moist growth. This growth is sometimes raised and porcelain-like, and of a creamy color, sometimes simply smooth, moist and polished, without piling up. There is always gas production both upon the surface of the potato and in the fluid at the bottom of the tube.
Carrot.--The growth on this medium is like that on potato, but more luxuriant and with more marked gas formation.
J~ouillon.--The growth in plain as well as in glucose and glycerine bouillon is rapid and luxuriant both at room temperature and in the incubator. After 24 hours' incubation the medium is diffusely cloudy. On the surface is a grayish white pellicle, adherent to the sides of the tube and usually co~'ering the whole of the surface. At the bottom is an abundant, grayish white sediment, which on agitation breaks up into a thick stringy mass. In cultures se~eral days old the medium becomes almost opaque, thick, tenacious and stringy like mucus. In bouillon containing glucose, saccharose, or any of the sugars there is abundant gas production. In the fermentation tube within 2~ hours sufficient gas is formed from glucose bouillon to displace nearly all the medium in the upright arm.
MiUc.--Milk is coagulated with gas formation and acid production, in from 24 to 36 hours in the incubator. The coagulum is hard and forms a solid mass surrounded by thin pale whey.
Du~ham's pepto~ze solution.--The bacillus grows rapidly in this medium
and with the same characters as in bouillon. No indol reaction could be obtained.
The organism grows best in media of neutral or alkaline reaction, but will grow also on acid gelatine, potato and carrot. It grows best at 35°-3~ ° C. It is killed by exposure for five minutes to a temperature of 60 ° C. It is non-motile and does not form spores. It is facultatively anaerobic, and stains well by both Gram's and Weigert's methods, as well as with the common aniline dyes.
Ge~eral morphology of the bacillus. The morphological appearances of the bacillus are the same in the blood and ortlans of animals as in those of the human case. Coverslips made from the liver, spleen, kidneys ahd heart's blood showed bacilli often in pairs, varying from 0.5 to 3 or 4/J. in length, by 0.5 to 0.8 ,,~ in thickness, generally with rounded ends. There were marked variations in size and shape. 5[any short oval forms were seen. Short forms resembling cocci and diplococci occurred, and occasionally long filaments were seen. The long forms often had square ends, while the shorter ones always had rounded ends or were ovoid in shape. Coverslips from the fresh blood or from the organs always showed capsulated forms, the capsules frequently containing pairs. The shorter organisms were encapsulated more frequently than the larger ones. From the pleura] and peritoneal exudates the organisms constantly showed capsules. Here the coccal, oval and short bacillary forms are the most common, long rods being unusual.
The capsules stain readily with carbolic fuchsin, with eosin and gentian violet, with or without aniline oil. The organism stains readily with all the usual dyes, and can be seen even in sections stained with eosin and hmmatoxylin. As previously stated, capsulated forms are rarely seen in sections of hardened tissues. In cultures there is the same po]ymorphism as that found in the human body. In fresh agar, glycerine agar, blood serum and gelatine cultures the most numerous forms are short, plump bacilli, with rounded ends; fewer coceal forms are seen, but there are often ovoid forms in pairs or short chains; sonle long stout bacilli are also seen. In young cultures, especially on glycerinesgar and on blood serum, capsulated forms are often seen. In fluid media the longer forms predominate, and many long filaments of from 5 to 8 or even 10 /~ in length are seen. In older cultures on solid media the longer forms are numerous, and sometimes there are irregular swellings. On old potato or carrot cultures the predominating forms are long. Most of the longer forms stain poorly, and in many there are one, two, or even three deeply staining points, surrounded by somewhat granular, poorly staining protoplasm. In some there is an exquisite bipolar staining, while in others only one pole takes up the dye. Nothing suggestive of spores is to be seen.
Pathogenesis.--Cultures of the bacillus, both fresh and old, grown both on solid and in fluid media, both living and sterilized, were pathogenic for dogs, rabbits, guinea-pigs, white and gray rats, and house mice, while pigeons proved refractory.
Dogs.--Young dogs inoculated into the peritoneal cavity with 2 cc. of a 24-hour-old bouillon culture died in 36 hours with a thick purulent exudation in the peritoneal cavity, with marked congestion and ecchymoses of the peritoneum and congestion of the pericardium, pleurm, liver, spleen, kidneys, stomach and intestine.
Rabbits.--Many rabbits were inoculated in the ear vein, subcutane. ous]y, and into the peritoneal and pleura] cavities, in doses varying from 0.2 cc. to 3 ce. of a 2~-hour bouillon culture, or of a suspension in bouillon or salt solution of several loops of a blood-serum or agar culture. 'The smaller doses without exception were fatal, even for old, large animals, except when inoculated subcutaneously.
Intravenous inoculations killed rabbits in from 12 to 72 hours, the animals dying of septiemmia with congestion of the various organs and serous membranes, with h~emorrhages in many instances, and sometimes with fibrino-purulent exudations. The spleen was not enlarged,. and pneumonia was never found. Fatty degeneration of the liver, heart,. and kidneys was commonly present. Peritoneal inoculations killed in from 12 to 72 hours by septic~emia_ and peritonitis, often with h~emorrhages, and the formation of a stringy,~ mucoid exudate rich in short bacilli, both free and within polymorphonuclear leucocytes. On microscopical examination the veins anc~ capillaries were found widely dilated, especially in the stomach, intestine~. liver and kidneys. There were no focal areas of cell degeneration in any of the organs. The bacilli were abundant in the blood and organs.
Subcutaneous inoculations caused local purulent exudates, often followed by death from septic~emia with changes in the organs and vessels. similar to those described above.
White rats died in from 24 to 48 hours after subcutaneous or intraperitoneal inoculation of 0.5 to 1 cc. of a bouillon culture. The organisms were always present in the heart's blood, in the various organs ancl in the peritoneal and pleural cavities. The same dilatation of the blood-vessels with focal h~emorrhages, as has been described in rabbits, was observed in these animals.
Wild gray rats died in from 18 to 2~ hours, after either subcutaneous or intraperitoneal injection of small doses, with septicsemia and few changes in the organs.
House mice died on the fourth day after inoculation, whatever the mode of inoculation. There was seldom any local reaction at the poin~ of inoculation, but septic~emia, with marked congestion of the vessels. and multiple ecchymoses of the serous membranes and various organs,. was present. The serous cavities contained an excess of fluid, which was thick, tenacious and stringy, and often contained polymorphonuelear leucocytes, endothelial cells, and red corpuscles, in addition to large numbers of bacilli. In the liver the most striking change was the enormous dilatation of veins and capillaries. The veins of both the portal and hepatic systems, particularly just beneath the capsule, were distended with blood and the liver cells were compressed and granular, and often contained large and small fat drops. Here and there were larger and smaller points of h~emorrhage. Many bacilli were seen in the capillaries and in the h~emorrhagie areas. Emboli of bacilli, however, were never seen. The lungs showed marked dilatation of the bloodvessels, in which bacteria, singly and in clumps, were present. Besides these, some unmistakable liver cells, granular and fatty, were detected i~ the pulmonary arteries and capillaries. In the spleen, especially under the capsule, there were marked congestion and often hmmorrhage into the tissue. The red corpuscles in the tissue were in ,carious stages of degeneration, and a large amount of yellow pigment was seen. In the kidneys the most marked change was hypermmia, with here and there areas of hmmorrhage into the tubules and inter-tubular tissue. Bacilli were in the blood-vessels in large numbers, especially in the glomerular capillaries. They also appeared in masses in the tubules. The epithelium of the convoluted tubules was fatty. There were no focal areas of degeneration or of round-celled infiltration. In all the coats of the stomach and intestine there were congestion and hsemorrhages.
Guinea-pigs.--reritoneal inoculations of from 0.2 to 0.5 cc. of a 24-hour-old bouillon culture caused death in from 12 to 48 hours. The inguinal and axillary glands were swollen and congested, with cedema of the periglandular tissue. There was always a peritoneal exudate, which in rapidly fatal cases was serous with few cells, and in animals living longer, thick and tenacious, with grayish opaque patches, containing many endothelial and polymorphonuclear cells., There was always congestion of and often h~emorrhages into the serous membranes. The heart was pale; the liver enlarged and deeply congested. Microscopically the same changes were found in the organs as in mice and rabbits. These were especially marked in the liver, where the central veins were often ruptured. The blood-vessels contained a large number of polymorphonuclear leucocytes and many bacteria, some of the capillaries being plugged with the latter. Here and there clumps of bacilli, surronnded by po]ymorphonuclear leucocytes, were seen in the tissues.
Subcutaneous inoculations in guinea-pigs were followed by abscess formation, oedema, and death from septica~mia after from 3 to 6 days; the autopsy showed the vascular and tissue lesions as in animals inoculated in other ways.
_Pigeons were refractory to large doses administered either subeuraucously or peritoneally.
Bouillon cultures from two to six weeks old, sterilized by heat or by the addition of 0.5 per cent. trikresol, in doses from 0.25 to 0.5 cc. and o,cer, killed rabbits, guinea-pigs and white rats; they were not pathogenic for dogs, but even in minute doses killed house mice. The bacteria-free filtrate of such cultures was also pathogenic for rabbits, guineapigs, and house mice in the same doses as the unfiltered cultures. The dead bacteria left in the filter even after repeated washings with water were pathogenic for the same animals.
An analysis of the results of experiments llpon a large number of animals shows that the sterilized unfiltered cultures were the most toxic, the dead and washed bacteria stood next in toxicity, while the filtrate of the same cultures was least toxic. The animals inoculated into the ear vein or intraperitoneally with these substances became ill and died in from 6 to 18 hours. They showed marked congestion of the serous and mucolls membranes with ecchymoses, congestion and h~emorrhage into the various organs. The liver cells and the epithelial cells of the kidney showed cloudy swelling and fatty degeneration, but there were no large areas of focal necrosis. The blood-vessels were widely distended, and there were marked h~emorrhages in the liver, spleen and kidneys. In the spleen there was found a large amount of yellow pigment, both intra-and extra-cellular. The pigment was usually in the shape of small granules, but larger masses were seen.
By starting with small non-fatal doses of both living and sterilized cultures and the filtrates of bouillon cultures, both guinea-pigs and rabbits could be accustomed to withstand doses fatal for untreated animals (1 to 1.5 cc.); b11t for these animals a dose of 2 cc. was fatal.
The blood serum of rabbits or guinea-pigs thus immunized from dead cultures and soluble toxines, even in large amounts (0.5 to 1 cc.), failed to protect fresh animals against the toxines or the dead or living cultures.
One large pregnant rabbit, receiving first small doses and then as much as 1.5 cc. of a sterilized bouillon cnlture on two occasions, carried her young to term. The mother, after gestation, became thin and her young were much smaller and grew much less rapidly than those of other rabbits born about the same time. Two of her young rabbits, when six weeks old, were inoculated with 0.5 cc. of a 2~-hour bouillon culture of the bacillus, a fatal dose for a control rabbit of the same age but out of another mother. One of the two rabbits died within 24 hours; the other was apparently unaffected. 0.5 cc. of the blood serum of a third rabbit of this litter failed to protect one of another litter against a similar quantity of a 24-hour bouillon culture of the bacillus, but a large rabbit receiving 1 ce. of the same blood serum and 1 cc. of a sterilized bouillon culture of the bacillus did not die till the fifth day. From this it would seem probable that rabbits may inherit from the mother some degree of tolerance for this organism.
The bacillus above described has preserved its virulence and general biological characters dm~ing the five years since it was obtained at autopsy. When compared by means of cultures and animal experiments with a number of capsulated bacilli of the type of Bacillus pneumonias of Friedl~inder,--h~eluding two examples of the bacillus of Friedl~nder obtained from cases of pneumonia, the capsulated bacillus of Pfeiffer, the bacillus of Wright and ~allory, and a capsulated bacillus obtained by Dr. Walter Reed, U. S. A., from the throat in a case of diphtheria, besides a number of capsulated bacilli obtained by the writer from inflammatory processes of the accessory sinuses of the nose, and from two cases of septicsemia, one following labor and the other pyelonephritis--the bacillus of the present case showed differences from them all. Of these differences the chief related to the varying amounts of gas and acid production, the capability and the rapidi W of coagulation of milk, the behavior to Gram's stain, and the widely varying results o~ animal inoculation.
The bacilli above mentioned, as well as other allied forms, have been placed by Fricke (13) in a group of which the Friedl~inder bacillus is the prototype and to which E. Fraenkel gave the name "Bacillus mucosus capsulatus." The more important common characteristics of this group are the morphology--plump, medium-sized, pleomorphic rods; the presence of capsules, readily demonstrable in the animal body and sometimes in cultures; lack of motility and of spores; failure as a rule to stain by Gram; the rapid, luxuriant, elevated, viscid, white growth upon the surface of solid media; absence of liquefaction of gelatine; and pathogenicity, usually in the form of septicasmia, but with striking variations for different animals and for different membets of the group. Fricke has collected from the literature "22 representatives of this group and to these has added from personal observations still others, which differ from each other more or less sharply by such points as minor cultural variations, particularly on potato, presence or absence of brownish discoloration of old gelatine or agar cultures and of a typical "nail-growth," the coagulation of milk, the occurrence of indol, production of gas and of acid, retention of Gram's stain, and, above all, susceptibili W of different animals under varying methods of inoculation to the pathogenic effects of the organism. Opinion is divided, and it is at present indeed difficult to decide, as to the value of these several points in the establishment of species or varieties. They have not hitherto sufficed for any sarisfactory subdivision of the group into well-recognized species or varieties, although attempts to accomplish this have been made.
While the bacillus described in this paper cannot be identified with the bacillus of Friedl~nder and differs in certain respects from most, if not all, previously described members of the group, it nevertheless possesses the more important common characteristics of the group, and I therefore prefer, at least for the present, to place it here rather than to propose a new group. It is true that Kruse ~ emphasizes the absence of staining by Gram as one of the characters of his group of Bacillus a5rogenes and bacillus of rhinoscleroma, under which group he classifies the various capsulated bacilli of the type of the bacillus of Friedl~nder, but the readiness with which the color can be extracted by Gram's method is certainly one of tile variable attributes of the group and cannot serve as a decisive criterion in determining whether an organism belongs to the group or not. Doubtless to the same group of capsulated bacilli (Bacillus mueosus eapsulatus) belong bacilli isolated from human eases of h~emor-rhagie infections by ]~ordoni-Uffreduzzi (6), ]3anti (5), Bab~s and Oprescu (4), and yon Dungern (10). We may, therefore, consider it established that members of this group of capsulated bacilli may cause typical h~emorrhagie septie~emia in man.
Different from the preceding are the bacilli cultivated from eases of septic purpura hmmorrhagica by Babhs (1), Tizzoni and Giovannini (22), and Kolb ~17). Babhs classifies these bacilli together, although it is not certain that they are closely allied, and he considers that they have many points in common with Itueppe's hmmorrhagie septiemmia group. Their resemblance to tIueppe's group seems to me rather remote, but it must suffice here to call attention to these bacilli as distinct from the luxuriantly growing, capsulated bacilli already described.
It is clear that various bacteria, not only those already considered, but also streptococci and other bacteria, may cause hwmorrhagie inlet-F1/igge's Die Mikroorganismen, Th. II, p. 336; Leipzig, 1896. tions in human beings, ttmmorrhagic septic~emia, then, is not to be regarded as a separate and distinct disease, with definite and constant etiology, uniform anatomical lesions and clinical features, as, for instance, typhoid fever, but rather as a toxeemia, attended by such marked injury to the blood-vessels and to the blood as to cause extreme dilatation and hmmorrhages, with various harmful effects upon the body cells, and capable of being caused by a variety of agents. The organic lesions differ widely in various cases. The similarity in the effects produced in animals and in man by the bacillus of my case is striking. In both, beside the vascular changes, fatty degeneration of the endothelial cells, and rupture with h~emorrhage into the tissues, there was marked destruction of the red corpuscles, with the accumulation of blood pigment in the liver , spleen and kidneys. Of interest also in my case is the direct and the retrograde embolism of the liver cells. The similarity of my cases to typhus fever is paralleled by the case reported by ]3ab~s and Oprescu. 2~ malignant, rapidly fatal course has characterized several of the reported cases, whereas others have been of milder type and longer duration. At least some of the instances reported as malignant purpura hmmorrhagica belong to the class of h~emon.hagic septic~emias.
